ABSTRACT: Some sessile invertebrates are capable of maintaining space in barren habitats produced by sea urchins, thereby creating species-rich patches in a species-poor landscape. We sought to determine the role of a large and common barnacle, Austrobalanus imperator, in the establishment and persistence of these species-rich patches. Barnacle density was modified in 2 experiments at sites in southeastern Australia. The first experiment concerned community establishment and involved the addition of barnacles in 4 densities (zero [control], low, medium and high) to plots on vertical rock surfaces. The addition of barnacles at ecologically realistic densities and spatial arrangements rapidly resulted in statistically significant increases in invertebrate cover and diversity. After 56 mo, the diversity of invertebrates was significantly higher on plots that received high densities of barnacles relative to controls. However, invertebrate cover no longer differed between treatment plots, despite evidence that barnacles modify the grazing intensity of sea urchins. The second experiment assessed the persistence of sessile invertebrates following the removal of barnacles from wellestablished assemblages dominated by sponges. The removal of barnacles did not hinder the rapid recovery of sponges to pre-manipulation levels, indicating that barnacles played an inconsequential role in well-established assemblages. We conclude that barnacles play an important functional role in this system, as they promote the recruitment of sessile invertebrates. It was also clear that the development of invertebrate assemblages on natural vertical surfaces was very slow, which raises the question of whether we are examining these important occupiers of space at appropriate temporal and spatial scales.
INTRODUCTION
The importance of heterogeneous environments for the structure and dynamics of plant and animal assemblages is well established (Bell et al. 1991 , Kosala & Pickett 1991 . As argued by McCoy & Bell (1991) , progress in this area has been mired in confused terminology; nevertheless, there appears to be general agreement that habitat heterogeneity involves at least 2 components. The first is patchiness in habitat types across a landscape, and the second is the finer-scale complexity associated with the physical or architectural nature of the substratum and associated biota (Addicott et al. 1987 , McCoy & Bell 1991 . Here, we follow the terminology of Sebens (1991) and refer to complexity associated with the substratum as habitat structure.
In a variety of assemblages, habitat structure has been shown to exert an important influence at all levels of biological organization. At the level of the individual, it may modify the risk of predation (Heck & Orth 1983 , Jeffries & Lawton 1984 , Kerfoot & Sih 1987 , while it may also influence the structure and dynamics of assemblages (Lawton 1983 , Downing 1986 , Williamson & Lawton 1991 . For sessile benthic invertebrates the nature of the substratum, such as surface rugosity, can be an important determinant of patterns of settlement and post-settlement survivorship (Dean & Hurd 1980 , Dean 1981 , Keough & Downes 1982 , Sebens 1991 , Walters & Wethey 1991 , Walters 1992 , Guichard & Bourget 1998 . Superimposed on these patterns is the biogenic structure imparted by the biota, which may modify patterns of settlement and survivorship, often via the creation of refugia (Russ 1980 , Witman 1985 , Littler et al. 1986 , Davis 1987 , 1996 or by changing hydrodynamic conditions (Eckman 1983 , Littler et al. 1983 , Walters et al. 1999 .
The impact of sea urchins on the distribution and abundance of macroalgae is well established in subtidal community ecology (Lawrence 1975) . The grazing activities of urchins may also modify patterns of sessile invertebrate distribution and abundance (Vance 1979 , Ayling 1981 , Himmelman et al. 1983 , Sebens 1985 , although it is now clear that many sessile invertebrates defend themselves chemically, physically, or both (e.g. Hill et al. 2005 ). In addition, biological disturbance associated with urchin grazing may play an indirect role in shaping patterns in the shallow subtidal zone. Both macroalgae and sessile invertebrates require space, which is frequently a limiting resource in shallow-water assemblages. Hence, interactions between algae and invertebrates may be characterized by preemption, overgrowth and interference competition (Connell 1961 , Dayton 1975 , Underwood et al. 1983 . Urchin grazing may act to mediate interactions between algae and invertebrates, as has been demonstrated for tropical and temperate locations (Sammarco 1980 , Coyer et al. 1993 ).
In temperate Australian waters, the most conspicuous subtidal grazer is the diadematid sea urchin Centrostephanus rodgersii (Agassiz, 1863) . This urchin creates and maintains areas devoid of fleshy and foliose macroalgae that are dominated by grazerresistant crustose algae, the so-called urchin-grazed barrens (Fletcher 1987) . Unlike many temperate echinoids, this urchin is strongly reliant on shelter, spending the day in crevices, then emerging at night to forage (Andrew 1993). In these barrens, a low cover of sessile invertebrates manages to maintain space despite the often intense urchin grazing (Wright et al. 1997 , Davis et al. 2003 . Sponges, ascidians and bryozoans are particularly evident on vertical surfaces, usually in association with the large balanoid barnacle Austrobalanus imperator (Darwin, 1854; hereafter Austrobalanus) . This barnacle often grows to 2.5 cm in height with a basal diameter of up to 4 cm; it regularly achieves densities > 50 ind. 0.25 m -2 on vertical surfaces (Davis & Ward 1999) . A positive correlation between the cover of sessile invertebrates and the number of Austrobalanus for 3 locations in southeastern Australia has been reported (Davis & Ward 1999) . Here, we used experiments to explore the role of this barnacle in the establishment and persistence of sessile invertebrate assemblages. We reasoned that high densities of this large barnacle would interfere with the grazing activities of the urchins, thereby creating refugia that allow sessile invertebrates to become established and persist. Refugia may play an important role in structuring assemblages (Menge & Lubchenco 1981) . Indeed, Creese (1982) reported that high barnacle densities interfere with the grazing activities of limpets. In contrast to many regions of the world where mussels contribute to the biogenic complexity of the substratum and thus provide a refuge for a variety of fauna and flora (Witman 1985) , mussels are not a common feature of the sublittoral zone in southeastern Australia. The present study examined 3 predictions about the functional importance of the barnacle Austrobalanus: first, that the presence of Austrobalanus facilitates the establishment of invertebrates; second, that Austrobalanus does this by creating a refuge from urchin grazing; and third, that, once established, the invertebrates are able to maintain space when the barnacles are removed. Previous work has demonstrated that sponges commonly found in urchin-grazed barrens are chemically and physically defended against grazing (Wright et al. 1997 , Ferguson & Davis 2008 and it follows that they should be able to maintain space if faced with elevated grazing intensity. We tested these predictions by experimentally manipulating barnacle densities and by recording species richness and invertebrate cover in experimental plots for up to 56 mo.
MATERIALS AND METHODS

Study locations.
Experiments were done on coastal reefs and adjacent islands near Wollongong, New South Wales, Australia (34°27.3' S, 150°55.7' E) and on subtidal rocky reefs at the entrance to Jervis Bay (35°4.5' S, 150°47' E), ~100 km to the south (see Fig. 2 in Davis & Ward 1999) . Experimental plots at these sites were established in 10 to 12 m of water on the vertical surfaces provided by rock walls or the sides of large boulders. All study plots were established in the urchin-grazed barrens and showed evidence of intense grazing. Urchin densities in nearby crevices were extremely high (usually averaging > 2 kg m -2 wet weight; Davis et al. 2003) . The cover of grazer-resistant crustose coralline algae on the vertical surfaces usually averaged > 80%, with sessile invertebrates accounting for the remaining 20% cover (Davis et al. 2003) . Sponges were the dominant sessile invertebrates on these rock faces and their cover was usually positively associated with the density of Austrobalanus (Davis & Ward 1999) . Approximately 10 sponge species were commonly encountered at each site, although 4 species, Chondrilla australiensis, Clathria pyramida, Darwinella australiensis and Tedania anhelans, accounted for > 65% of the invertebrate cover (Wright et al. 1997, A. R. Davis unpubl. data) .
Urchin grazing intensity and barnacle density. A relative measure of urchin grazing intensity was obtained by quantifying the percentage cover of paint removed from 25 mm plastic discs, as described by Ayling (1981) . Fifty discs were glued haphazardly across ~50 m of vertical surfaces at 2 locations, Flinders Islet near Wollongong and Dart Point in Jervis Bay, with a 2-part epoxy (Z-Spar A-788 Splash Zone Epoxy). Discs were removed 10 d later and the density of Austrobalanus was quantified within a 25 × 25 cm quadrat centered on each disc. Discs were scanned, and the loss of paint was traced and estimated with Image (http://rsbweb.nih.gov/ij/). Loss of paint was then regressed against barnacle density. Removal and subsequent reintroduction of urchins in a pilot experiment confirmed that urchins had removed the paint from discs (A. R. Davis unpubl. data). The characteristic scraping pattern of urchins was clearly visible on the discs.
Barnacle addition. To examine the role of Austrobalanus in the establishment of encrusting assemblages on vertical walls, we manipulated barnacle density at 2 locations near Wollongong: Redsands Reef and Flinders Islet. Locations were treated as a random factor in the subsequent analysis to provide some generality to the southeastern Australian coast. Each location was divided into 2 sites. Sixteen 0.18 m 2 plots were delineated haphazardly on coralline-algal-encrusted vertical rock faces and the sides of large boulders at each site. We did not place plots over established barnacles, as we reasoned that their removal might leave small fragments of sponge with the potential to regrow. Each site was ~50 m in diameter, and plots were not placed one above the other. Plots were marked with 6 mm stainless steel masonry Dynabolts (Ramset) anchored into 3 corners of each plot. Four treatments were then randomly assigned to plots within each site (N = 4). These treatments were control (0), low (10), medium (20) and high (40) barnacle densities, spanning the range of densities regularly encountered on natural rock surfaces. The tests of dead barnacles were glued in place with a 2-part epoxy (Z-Spar A-788 Splash Zone Epoxy). In addition, small blobs of epoxy were fixed to the zero-density control plots, so that epoxy was present on all treatment plots. The few barnacles detached from the rock surface during the experiment were replaced at regular intervals. We used barnacle tests in these experiments, as attempts to transplant living barnacles proved unsuccessful. The barnacles (basal width 37.4 ± 5.1 mm, mean ± SD) were removed from neighboring areas and transferred to the laboratory, where all tissues were removed and the tests filled with 2-part epoxy (K340 Araldite, CibaGeigy). To facilitate barnacle attachment, the bare rock face in all treatment and control plots was scrubbed with a wire brush prior to the application of epoxy. Care was taken to minimize disturbance to gastropods on the plots during brushing.
In addition to imitating naturally occurring barnacle densities, the position and orientation of barnacles within treatment plots replicated those of naturally occurring barnacles. Clear flexible plastic templates were used to ensure that barnacles were fixed in realistic spatial patterns. Templates were made by projecting photographs of Austrobalanus onto the perspex and marking the position of the barnacles. Eight templates were used for each barnacle density (10, 20 or 40). Thus, each template was used only once at each location. The fixing of barnacles was completed in March 1995 at Redsands Reef and in April 1995 at Flinders Islet. Sessile invertebrates were counted directly in the plots at each site approximately 4 mo later. Plots were then photographed at regular intervals until November/December 1999. The camera and strobe (Nikonos V with 28 mm lens and SB102 strobe) were mounted on a frame with a lens-to-subject distance of 60 cm. The cover of sessile invertebrates was estimated by counting invertebrates below 300 regularly arranged dots on images of each 0.18 m 2 plot. Species richness was quantified by counting the number of sessile invertebrate species visible on each photograph. We provide a time course for these data based on analysis on 2 occasions: at 8 mo and 56 mo after the experiment was initiated. We make the assumption that the intervening 48 mo renders the data effectively independent. Assumptions of all analyses were examined prior to proceeding with the analysis. For ANOVA, normality was assessed visually and Cochran's C-test was used to ensure that variances were homogeneous. Data were transformed where necessary. We used G-MAV5 (University of Sydney) for ANOVA and non-parametric multivariate analysis of variance or PRIMER for multivariate analysis.
As we examined hypotheses relating to invertebrate recruitment, we excluded the cover of invertebrates encroaching onto the plots from beyond their borders. Inclusion of the cover or species richness of encroaching invertebrates had little effect on the respective means and did not change the outcome or our interpretation. In testing the prediction that invertebrate recruitment increases with increasing barnacle density, we also ignored the area on the plots that was covered by the barnacle tests we had fixed in place. Recruitment directly onto these barnacle tests was only rarely observed. In addition, as the presence of these tests reduced the space available on each plot for recruits, plots with the highest density of barnacle tests should have the lowest recruits, providing a conservative test of our hypothesis. We also recorded the density of urchins prior to the addition of barnacles with 10 haphazardly placed 10 × 1 m transects within each site at each location. Urchin densities were reassessed in the same way in December 1999.
Barnacle removal. To determine whether an established assemblage could maintain itself once subjected to grazing by Centrostephanus rodgersii, we removed living Austrobalanus from plots at Flinders Islet, Wollongong and Longnose Point, Jervis Bay. Each location was divided into 2 sites, each ~50 m in diameter. Twelve plots measuring 0.18 m 2 were delineated on vertical rock surfaces at each site. We selected plots with medium to high Austrobalanus densities (> 20 ind. plot -1
) and a large cover of sponges, the predominant invertebrate taxon. Three treatments were then assigned randomly amongst plots (N = 4): (1) total barnacle removal, (2) procedural control -partial removal of sponges without barnacle removal (this controlled for sponge damage during barnacle removal), and (3) unmanipulated control. Barnacles and sponges were removed using a hammer and paint scraper. We ensured that all barnacle flesh was removed from each manipulated plot so as not to attract grazers or predators. Plots were marked with stainless steel masonry Dynabolts as in the previous experiment. The experiment was initiated in June 1995 at Flinders Islet and July 1995 at Longnose Point, and the plots were photographed at regular intervals until April 1997. Analyses proceeded as in the previous experiment.
RESULTS
Urchin grazing intensity and the addition of barnacles
The loss of paint from the grazing discs implied a negative relationship between urchin grazing intensity and barnacle density (Fig. 1) . The relationship appeared curvilinear at Flinders Islet (r 2 = 0.28, N = 39, y = 37.57 × 10 -0.03x ) and linear at Dart Point (r 2 = 0.26, N = 47, y = -0.70 + 48.48) and both regressions were significant at p < 0.001.
The addition of barnacles markedly influenced patterns of invertebrate recruitment. Counts of sessile invertebrates 4 mo after the experiment was initiated revealed treatment (F 3,3 = 17.0, p = 0.022) and site (F 2,48 = 6.02, p = 0.005) effects, but no significant interaction terms ( Fig. 2 ; Table 1 ). The average number of invertebrates (predominantly bryozoans) was consistently greater on plots to which barnacles had been added than on control plots (Fig. 2) . A posteriori Student-Newman-Keuls tests revealed that these differences were significant and also that invertebrates were more abundant at Site 1 than at Site 2 at Flinders Islet, while similar numbers were apparent at the 2 sites at Redsands Reef. The addition of barnacles also increased species diversity, as measured by the Shannon-Wiener diversity index and the evenness of the developing assemblage (F 3,3 = 31.9, p = 0.009; F 3,3 = 17.8, p = 0.02, respectively). On average, the abundance of invertebrates on plots with high densities of barnacles was 10-fold that on control plots (Fig. 2) .
Seven to 8 mo after barnacles were added to plots, invertebrate cover averaged > 8% at both sites in plots that had received high densities of barnacles (Fig. 3) . This was > 4-fold higher than in the plots with low and medium barnacle densities and > 35-fold higher than (Table 2) . Although a similar pattern was apparent for species richness, the differences were not significant (F 3,3 = 6.4, p = 0.08).
Although the high cover of invertebrates in plots containing high barnacle densities relative to other treatments was maintained for the next 2 yr, no differences among treatments were detected by December 1999 (F 3,3 = 1.13, p = 0.461; Table 2 ). Even the cover of invertebrates on the control plots at Redsands Reef was indistinguishable from that on the high-density plots at this site (Fig. 3 ). An ANOVA of the December 1999 data confirmed that the only significant treatment effect was location (F 1,2 = 38.5, p = 0.025), invertebrate cover being higher at Flinders Islet (Table 2 ). In contrast, the number of sessile invertebrate species was higher in the plots receiving high densities of barnacles than in the controls (F 3,3 = 10.1, p = 0.045, Fig. 3 ; Table 2 ). Hence, the patterns in species richness seen in December 1995, which were bordering on significant (F 3,3 = 6.4, p = 0.08), were still apparent 4.5 yr after the experiment was begun. Again, the inclusion of encroaching invertebrates into the data set made little difference to average cover or species richness and did not change our interpretation.
By February 1998, the cover and composition of plots used in our manipulation were strikingly different from areas of unmanipulated natural reef. The average invertebrate cover in treatment and control plots (now including encroaching invertebrates) did not exceed 10%. In contrast, a series of photographs taken haphazardly on nearby vertical surfaces in February 1998 revealed an average sessile invertebrate cover > 23% at each location (Fig. 4) . These values exclude the cover of Austrobalanus, as this barnacle was manipulated in the treatment plots and, therefore, it was inappropriate to include estimates of its cover. Barnacles and bryozoans dominated treatment plots, whereas sponges dominated unmanipulated areas on rock Table 1 . ANOVA results for the effects of different factors on the number and diversity (Shannon-Wiener Index H' and Evenness) of invertebrate colonies 4 mo after start of the experiment. The data exclude species encroaching from the border. Factors were Location (L) (random) with 2 levels, Site (S) nested within Location (random) with 2 levels, and Treatment (T) (fixed, with 4 levels of barnacle density: zero, low, medium and high) crossed with factors 1 and 2. N = 4 quadrats. *p < 0.05, **p < 0.01 walls. These differences in composition were clearly displayed by a non-metric MDS (Fig. 5) . A 2-way crossed multivariate ANOVA confirmed that the composition of natural vertical surfaces differed from that of treatment plots (F = 13.59, p = 0.005) and that locations were bordering on significantly different at the 5% level (F = 2.42, p = 0.071). No significant interaction was apparent. The average Bray-Curtis measure of dissimilarity between the natural locations and treatment plots was 68.2%, and a SIMPER analysis indicated that sponges were largely responsible for this. In descending rank, these were Tedania anhelans, Darwinella australiensis, Clathria pyramida, Culicia cf. tenella, Callyspongia sp. and Chondrilla australiensis (Table 3) . Urchin densities were high during the course of this experiment, with a maximum of 108 ± 7 ind. 10 m -2 (mean ± SE) (Fig. 6) . The lowest densities recorded were around half of this number. There were significant differences between sites within each location in the pre-manipulation assessment of urchin density (significant 'Time × Site [Location]' interaction, Table 4 ). However, there were no differences in densities between years at either site (F 1,1 = 2.13, p = 0.38; Table 4 ). Table 3 . Species, ranked in order of importance (only the first 6 are presented), which contributed to the dissimilarity between barnacle addition plots and unmanipulated plots on rock walls. Determined using SIMPER
Barnacle removal
Sponges were able to maintain space after the large barnacle had been removed, and consistent patterns were observed between the 2 locations and within sites (Fig. 7) . The data are presented for each location as means pooled across the sites. Initially, with the removal of barnacles and in the sponge removal (procedural control), the cover of sponges fell by around 40%, but within 3 mo sponges recovered and cover among the 3 treatments was judged not significantly different (Table 5) . After 6 mo, sponges in treatment plots had attained pre-manipulation levels. At the conclusion of the experiment, after 22 mo, plots from which barnacles had been removed were indistinguishable from the procedural controls. However, at Flinders Islet, the cover of the unmanipulated control had fallen below 60% of the pre-manipulation cover, producing a significant Location × Treatment interaction ( Fig. 7 ; Table 5 ).
DISCUSSION
The large barnacle Austrobalanus played an important functional role in the establishment, but not persistence, of benthic invertebrate assemblages in southeastern Australia. On the one hand, the addition of barnacles to plots had a clear and rapid influence on invertebrate recruitment, reflected by the elevated cover and species richness in the plots receiving the highest density of barnacles. Bryozoans and, to a lesser extent, barnacles responded rapidly to the addition of structure (tests of Austrobalanus) and were recruited in high numbers. Plots to which we glued barnacles in high densities (40) had the highest invertebrate species richness, and this was maintained until the end of our 5 yr study. On the other hand, the effect of barnacle density on invertebrate cover diminished over time, and, by the end of the study, the cover of invertebrates in treatment plots did not differ significantly from that in control plots. This was due to an increase in cover on the control and low-density plots and reflected asexual growth of modular organisms on these plots. Thus, our initial prediction that the presence of barnacles would enhance the cover and diversity of sessile invertebrates was supported in the short term (first 8 mo), but Table 4 . ANOVA results for the effects of different factors on the density of sea urchins Centrostephanus rodgersii. Factors were Site (S) nested within Location (L) (both random) and Time (T) (fixed) with 2 levels (pre-and and post-barnacle manipulation). Data were derived from 1 × 10 m transects at each site. N = 10 transects was not borne out for the cover of invertebrates over the longer term. Changes in cover did not appear to be due to reductions in grazing intensity, as urchin densities did not change over the course of the experiment. As we predicted, barnacles did not appear to play a role in maintaining a sponge-dominated invertebrate assemblage, once members of that assemblage were well established. The removal of barnacles from plots with a relatively high cover of sponges resulted in the rapid recovery of the space lost by sponges during the experimental removal. Within 6 mo of the manipulation, no significant differences in sponge cover, relative to starting cover, were apparent in treatment plots at either location. Many encrusting temperate sponges show rapid regrowth in response to damage (Kay & Keough 1981 , Ayling 1983 , although growth rates can vary considerably among sponge species (Kay & Keough 1981) . Urchins can have dramatic impacts on sessile invertebrates (Vance 1979 , Himmelman et al. 1983 , Sebens 1986 ), but we suspect that chemical or physical defenses deterred urchins from feeding on sponges once barnacles were removed. Antifeedant activity has been demonstrated for a number of the major space-occupying sponges in urchin barrens of our region (Wright et al. 1997 , Ferguson & Davis 2008 .
A growing body of literature attests to the importance of habitat complexity in the structure and function of assemblages (MacArthur & MacArthur 1961 , Hixon & Menge 1991 , Talman et al. 2004 ). In marine systems, structural complexity has been linked to enhanced diversity (Castilla et al. 2004 , Eriksson et al. 2006 , Hauser et al. 2006 , but usually this is inferred from snapshots of data collected over short time frames rather than following a time course of several years. The persistence of an effect after 56 mo in our highdensity treatments was particularly striking. Habitat complexity may also determine the settlement and survivorship of sessile invertebrates (Dean & Hurd 1980 , Dean 1981 , Keough & Downes 1982 , Sebens 1991 , Walters & Wethey 1991 , Walters 1992 , Guichard & Bourget 1998 . However, much of our understanding of benthic invertebrate assemblages associated with hard substrata comes from detailed studies of artificial surfaces, particularly pier pilings or small settlement panels (Karlson 1978 , Kay & Butler 1983 , Butler & Connolly 1999 . These habitats, although useful and convenient model systems, differ substantially from natural urchin-dominated systems. On pilings for example, sea urchins are usually absent, light levels and the cover of encrusting algae are low, and the diversity and cover of invertebrates are usually very high. One of the few studies of the response of sessile invertebrates to the addition of barnacle tests used small glass plates (25 cm 2 ) as substrata, and these were suspended 10 cm above the substratum for short periods of time (Bros 1987) . Conclusions from such studies must be considered tentative.
The changes we observed following the addition of barnacles are consistent with our assertion that aggregations of the large barnacle Austrobalanus interfere with the grazing activities of sea urchins, thereby creating refugia for sessile invertebrates. Nevertheless, alternative hypotheses are worthy of attention, as the presence of barnacles will influence hydrodynamics, and the disruption to water flow may in turn influence patterns of invertebrate settlement and recruitment (Eckman 1983 , Littler et al. 1983 , Guichard & Bourget 1998 , Walters et al. 1999 . For a refuge to be effective, it must persist in the face of disturbance and hence offer spatial and temporal predictability to those species to which it offers refuge (Woodin 1981) . Witman (1985) noted that life-history attributes of the refugeforming mussel Modiolus, namely its slow growth and longevity, contribute to its ability to form a long-term refuge. In southeastern Australia, Austrobalanus also appears to persist for many years. Although no published studies of longevity or mortality have been undertaken for Austrobalanus, mortality in photoquadrats in the present study was low and potential barnacle predators such as starfish and whelks were rare in the barrens habitat. Hence, Austrobalanus appears to form persistent clumps that are predictable in space and time. If, as we assert, Austrobalanus forms a persistent refuge from urchin grazing, then the evolution of habitat selection is likely (Woodin 1981 (Grosberg 1981 , Young & Chia 1981 . Davis & Ward (1999) noted that the abundance of one of the dominant sponges in our system, Clathria pyramida, shows a strong negative relationship with barnacle density. If C. pyramida is a poor competitor for space, its larvae may avoid settling near aggregations of barnacles. This is an interesting hypothesis for further study. Our findings are consistent with the notion that Austrobalanus modifies settlement or post-settlement mortality among sessile invertebrates. Data from the grazing discs we deployed revealed a negative relationship between urchin grazing intensity and the density of barnacles, supporting our contention that patches of Austrobalanus provide invertebrates with a refuge from urchin grazing, at least in the short term. Other authors have noted the important role of structure in modifying the foraging activities of predators in shallow subtidal assemblages (Russ 1980 , Hixon & Brostoff 1983 , Witman 1985 , Littler et al. 1986 , Sebens 1991 . However, to unambiguously assign the patterns we have observed to the creation of grazing refugia by the structure-forming barnacle requires experimental manipulation of urchin densities.
The development of the invertebrate assemblage in our study did not approach that of unmanipulated rock walls. Specifically, the cover and composition of invertebrates recruiting to the treatment plots were strikingly different from those found on unmanipulated rock surfaces, even after almost 5 yr. Whereas the average cover of invertebrates on unmanipulated surfaces approached 25%, the treatment plots did not exceed an average cover of 10% (Fig. 4) . Unmanipulated walls were dominated by several sponge species, while treatment plots had large numbers of barnacles, bryozoans and sponge species not commonly observed in unmanipulated areas, as reflected in the non-metric MDS ordination (Fig. 5 ). It appears that many of the major space occupiers on the unmanipulated walls, particularly the sponges Clathria pyramida, Darwinella australiensis and Tedania anhelans, recruited only rarely to our experimental plots over the 5 yr period, and those that did failed to persist. Sponges are among the dominant organisms on vertical surfaces in temperate waters (Sebens 1985 (Sebens , 1991 but recruit infrequently to settlement panels used to examine the development of sessile invertebrate assemblages (Dean & Hurd 1980 , Breitburg 1985 , Glasby 1998 . Only when panels were placed close to a high cover of sponges has appreciable sponge recruitment been observed (Kay & Keough 1981 , Butler 1986 . It is also clear that recruitment may be an important mechanism maintaining diversity in subtidal epifaunal assemblages (Smith & Witman 1999 ).
We are left, then, with a complex picture. Clumps of Austrobalanus play an important functional role, at least in the short term, as they contribute to the structural complexity and architecture of vertical rock walls. The biogenic structure they impart in turn influences patterns of diversity and, to a lesser extent, the cover of sessile invertebrates. The unexpected outcome was that the assemblage that develops bears little similarity to those observed on unmanipulated rock walls. The slow rate of colonization observed in our experimental plots raises the possibility that largescale (geographic) variation in rates of recruitment has important implications for the structure and dynamics of temperate reef invertebrate assemblages, a pattern already observed in the rocky intertidal zone (Underwood & Denley 1984) . Our findings from natural rocky reefs highlight the likelihood that, in the case of sponges and perhaps other long-lived sessile invertebrates, we may be using inappropriate spatial or temporal scales to examine the ecology of these important occupiers of space. 
